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The Kartini Reactor has been operated up to 100 kilowatts. There are 
two types of nuclear fuels used in the Kartini Reactor, type 104 and type 
204. Currently the nuclear fuel utilization license granted by BAPETEN 
allows 77 pieces, consisting of 73 type 104 and four type 204 
respectively. Based on the Kartini Reactor fuel utilization report, there 
are 71 pieces of nuclear fuel in the reactor core, consisting of 69 type 
104 and two pieces of type 204. There are four pieces of type 104 in the 
bulk shielding. The control rod categorizations are divided into 
regulating rod, shim rod and safety rod. Regarding the operation license 
renewal of Kartini Reactor, we conducted an assessment of various 
aspects related to the safety of the reactor. One of the aspects we 
conducted was regards to the neutronic. In the initial phase of the 
neutronic aspect study, a simulation was performed using the SCALE 
computer code. This study will only evaluate the relation between the 
bank of the control rod position to the effect of criticality in the Kartini 
Reactor. The results showed that fully up criticality has a value of 
1.02173 ± 0.00018, and fully down criticality has value of 0.96026 
±0.00021. The reactor reaches criticality when the position of the control 
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1. INTRODUCTION 
The Kartini Reactor is an open pool reactor 
using water as cooling and a moderator. It has 
uranium zirconium hydride alloy fuel with low 
enriched Uranium (less than 20%) [1]. This reactor 
was designed with a maximum power capacity of 
250 kilowatts, the reactor has been operated up to 
100 kilowatts since 1979. This reactor is used for 
irradiation, neutron activation analysis, personnel 
experiments and training. The Kartini Reactor was 
built in 1974 and it commenced its operations in 
January 1979. 
The Kartini Reactor is composed of several 
components and experimental and irradiation 
facilities. To obtain the optimum flux, the reactor 
core is designed in a cylindrical shape and 
surrounded by a graphite reflector. The reactor 
core and reflector are submerged in water at the 
bottom of the cylindrical tank reactor. Water 
performs as a cooler and moderator, and also 
functions as a radiation shield in the vertical 
direction [2]. 
The two types of fuel that are used in the 
Kartini Reactor are type 104 and type 204. At 
present, 77 units of fuel permits are granted by 
BAPETEN, consisting of 73 type 104 and four 
type 204. Based on the Kartini Reactor fuel 
utilization report, the fuel in the reactor core is 71 
units, consisting of 69 type 104 and two type 204. 
There are four type 104 in the bulk shielding [3]. 
Reactivity monitoring is needed to prevent the 
unexpected consequences of reactivity changes 
[4]. 
Previously, simulations had been done using 
MCNP5. These simulations show that the k-eff 
value from the Kartini Reactor from the input file 
arranged is 0.99899 ± 0.00030. This condition is 
achieved by pulling 100% safety rod, 65% 
compensation rod and 55% regulating rod [5]. The 
control rod has a 38 cm length of trajectory. 
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In order to extend the Kartini Reactor’s 
operating license, an assessment of various aspects 
related to reactor safety was carried out. One of 
them is a neutronic aspect study. In the initial 
phase of the neutron aspect study, conservative 
(fresh fuel) simulations were made using the 
SCALE computer program. In this study, we will 
only discuss the effect of the control rod position 
on the criticality of the Kartini Reactor along with 
the S curve of the control rod. 
 
2. MATERIALS AND METHODS 
In this study assessment we utilized the 
SCALE computer program package. In this 
package we modelled the Kartini Reactor 
components such as: fuel element (fuel pin), 
control rod, dummy element, reflector and reactor 
pond (water). Table 1 shows the material 
composition that was used in the reactor 
modelling. 
Table 1. Material composition [2, 6]. 







Zr5H8 5.305853 g/cc 
2 Graphite reflector Graphite 0.08373151 atom/b-cm 






4 Helium gas Helium 1 g/cc 
5 Cladding SS-304 7.94 g/cc 
6 Water H2O 0.9982 g/cc 
7 Control Rod  
(Compensation 
and regulator) 
B4C 1.8 g/cc 
8 Zirconium Zirconium 6.49 g/cc 
9 Graphite in 
Borated Graphite 
safety control rod 
Graphite 0.072 g/cc 
 
2.1 Nuclear fuel 
There are two types of fuel used in the 
Kartini Reactor, type 104 and type 204. Table 2 
shows the fuel element specifications. Figure 1 
shows fuel modeling. 
 
2.1.1. Type 104 fuel element 
The fuel used is U-ZrH1.7 with an 
enrichment of 20% U-235 in weight. The average 
weight of U-235 per element is 38 grams. The fuel 
rod completed with burnable poisson is placed in 
a Molybdenum disk mounted in the lower end of 
the active fuel. At the top and bottom there are 
graphite reflectors, located above and below the 
fuel with the same diameter and length. 
 
2.1.2. Type 204 fuel element 
This fuel element is equipped with 3 
chromel-alumel thermocouples, located on axes 
with a distance of 2.54 cm from each other. The 
second thermocouple is located right at the center 
of the fuel. Type 204 fuel material is the same as 
type 104, U-ZrH1.7. 
 
Table 2. Fuel element specifications [2]. 
Total length 73.04 – 75.39 cm 
Active length 38.0 cm 
Graphite length 6.5 – 9.5 cm 
Outer diameter 37 mm 
Inner diameter 35.60 mm 
Burnable poisson (Mo) thickness 0.127 cm 
U-235 weight 38 gram (average) 
Cladding material SS-304 
Cladding thickness 0.50 mm 
Gap width 0.2 mm 
Cladding melting point 1453oC 
UZrH density 5.64 gr/cc 
Zirconium Hydride composition 1 : 1.65 
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Fig 1. Fuel modeling. 
 
2.2 Dummy Element 
The Kartini Reactor has a dummy fuel 
element which is located in the F ring. The shape 
and size of the artificial fuel element are the same 
as the real fuel element but contain graphite. The 
function of this artificial fuel element is to increase 
the efficiency of neutrons in the core (functioning 
as a reflector). There are 15 dummy elements in 




Fig 2. Dummy element modeling [2]. 
 
2.3 Reflector 
A cylindrical ring from graphite is installed 
around the reactor core and performs as a neutron 
reflector. The dimensions of this reflector are: 45.7 
cm in inner diameter, 30.5 cm in radial thickness 
and 55.9 cm in height. The entire reflector surface 
is coated with aluminum for water protection. All 
reflectors weigh 770 kg. 
 
2.4 Control rod 
The control rod is made of neutron 
absorber material to control the chain reaction 
inside the reactor, so the reactor can be operated at 
the desired power level or for shutdown. The 
negative reactivity of the control rod is always 
designed to be greater than the positive reactivity 
of the fuel in the reactor core [7]. 
The reactivity value of the control rod 
depends on several factors, such as the type of 
material, density, geometry, size and location / 
position inside the reactor core [8] 
The reactor is controlled by three control 
rods, two of which are made of Boron Carbide 
(B4C) and one made of borated graphite. The three 
control rods have their respective functions as a 
regulator, safety and compensation rod. 
The reactivity control system is designed 
for normal and shutdown operating conditions. 
The function of the control rod is divided into three 
parts, namely the regulating rod, the compensation 
rod (shim rod) and the safety rod, each of which is 
carried out by inserting a rod of strong neutron 
absorbent material at a certain position on the 
reactor core. The safety rod occupies a position in 
the C-5 ring, the compensation rod occupies the 
position of the C-9 ring and the regulator rod 
occupies the position of the E-1 ring. 
Compensation rods and regulators are aluminum 
tubes containing Boron Carbide (B4C) powder, 
while safety rods contain graphite and boral. The 
diameter is 2.2 cm for the regulator rod, 3.2 cm for 
the compensation rod and 2.5 cm for the safety rod 
with each having a length of 50 cm. The control 
rod construction can be seen in Figure 3. 
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Fig 3. Control rod [2]. 
 
Control of the reactivity is done by adjusting 
the length of the control rod insertion in the core. 
The insertion path length of the entire control rod 
is 38 cm. Table 3 shows control rods data. 
 
Table 3. Control rod data. 
Parameter Safety Compensating 
Regulatin
g 
Position in the core C5 C9 E1 
Length of track 38 cm 38 cm 38 cm 
Diameter 2.5 cm 3.2 cm 2.2 cm 
Radius 1.25 cm 1.6 cm 1.1 cm 






2.5 Reactor Core 
The Kartini Reactor design data from the Safety 
Analysis Report (SAR): 
1. The core and reflector arrangement have a 
diameter of 1.09 m and a height of 0.58 
m. 
2. The core and reflector are submerged in 
water as high as 4.9 m. 
3. The bottom end of the reflector is at an 
altitude of 0.61 m from the bottom of the 
tank. 
 
Fig 4. Fuel configuration in the Kartini Reactor core [2]. 
Figure 4 shows the fuel configuration in the 
Kartini Reactor core. There are 69 pieces  of type 
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3. RESULTS AND DISCUSSION 
The view of the reactor core simulation using 
SCALE  can be seen in Figure 5: 
 
 
Fig 5. Kartini Reactor core. 
 
 
Fig 6. Control rod position vs. k-eff. 
 
Assuming that all of the control rods are 
configured in a bank configuration. Figure 6. 
shows that the reactor reaches criticality when the 
position bank of the control rods are at an altitude 
of 42.85135 cm. 
 
NPG (Neutron Per Generation) = 100,000, the 
results are: 
i. K-eff fully up (kfu) = 1.02173 ± 0.00018 
ii. K-eff fully down (kfd) = 0.96026 ± 
0.00021 
The reactor is supercritical when fully up and sub 
critical when fully down. This shows that three 
control rods in bank configuration can be used to 




Fig 7. Control rod position vs reactivity, 
 
Figure 7 shows control rod position vs reactivity. 
The control rod reactivity profile forms a S curve, 
a similar shape with Figure 8 and Figure 9. 
 
 
Fig 8. reactivity measured vs withdrawal 












































Control rod height (%)
42.85 
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Fig 9. reactivity measured vs withdrawal 
percentage (safety rod) [2]. 
 
 
Fig 10. reactivity measured vs withdrawal 
percentage (regulating rod) [2]. 
 
 
4. CONCLUSION AND REMARKS 
New fresh fuel is used for simulating the 
effect of the bank of the control rod position on the 
criticality utilizing the SCALE computer code. 
The criticality of a fully up position is 1.02173 ± 
0,00018. The criticality of the fully down position 
is 0.96026 ± 0,00021. The reactor reaches 
criticality when the position of the control rod is at 
an altitude of 42.85135 cm. The reactivity control 
system is designed and installed for operating and 
shutdown conditions. The reactor is supercritical 
when fully up position and subcritical when fully 
down position. This shows that three control rods 
are able to shut down the reactor. 
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APPENDIX 1 : Fuel Coordinate 
Calculation 
 
Figure 11 shows the radius of the ring A to 
F (in inch), For the fuel coordinate 
calculation the ring A to F are shown in 
figures (Figure 12 to Figure 16). 
 
Fig 11. The radius of the ring A to F (in inch) [6]. 
 
 
Fig 12. Fuel configuration on the Kartini Reactor 
core at ring B. 
 
Cos 30o  = x /4.05384 
x = 4.05384 cos 30o 
   = 3.5107 cm 
 
Coordinate: 
B1 (2.02692 ; 3.5107; 0) 
B2 (4.05384; 0 ; 0) 
B3 (2.02692; -3.5107; 0) 
B4 (-2.02692; -3.5107; 0) 
B5 (-4.05384 ; 0 ; 0) 
B6 (-2.02692; 3.5107; 0) 
 
 
Fig 13. Fuel configuration in the Kartini Reactor 
core on ring C. 
 
Ring C radius = 3.142 inch = 7.98068 cm 
 
x = 7.98068 cos 30 = 6.91147162 
y = 7.98068 sin 30 = 3.99034000 
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Coordinate: 
C1 (0; 7.98068; 0) 
C2 (3.99034000; 6.91147162; 0) 
C3 (6.91147162; 3.99034000; 0) 
C4 (7.98068; 0; 0) 
C5 (6.91147162;-3.99034000; 0) 🡪 Control 
Rod 
C6 (3.99034000;-6.91147162; 0) 
C7 (0; -7.98068; 0) 
C8 (-3.99034000;-6.91147162; 0) 
C9 (-6.91147162;-3.99034000; 0) 🡪 
Control Rod 
C10 (-7.98068; 0; 0) 
C11 (-6.91147162; 3.99034000; 0) 
C12 (-3.99034000; 6.91147162; 0) 
 
 
Fig 14. Fuel configuration in the Kartini Reactor 




Ring C radius = 4.703 inch = 11.94562 cm 
 
X1 = 11.94562 cos 20 = 11.22521096 
X2 = 11.94562 cos 40 = 9.15087582 
X3 = 11.94562 cos 60 = 5.97281000 
X4 = 11.94562 cos 80 = 2.07433514 
Y1 = 11.94562 sin 20 = 4.08564266 
Y2 = 11.94562 sin 40 = 7.67849653 
Y3 = 11.94562 sin 60 = 10.34521038 
Y4 = 11.94562 sin 80 = 11.76413919 
 
Coordinate: 
D1 (2.07433514; 11.76413919; 0) 
D2 (5.97281000; 10.34521038; 0) 
D3 (9.15087582; 7.67849653; 0) 
D4 (11.22521096; 4.08564266; 0) 
D5 (11.94562; 0; 0) 
D6 (11.22521096; -4.08564266; 0) 
D7 (9.15087582; -7.67849653; 0) 
D8 (5.97281000; -10.34521038; 0) 
D9 (2.07433514; -11.76413919; 0) 
D10 (-2.07433514; -11.76413919; 0) 
D11 (-5.97281000; -10.34521038; 0) 
D12 (-9.15087582; -7.67849653; 0) 
D13 (-11.22521096; -4.08564266; 0) 
D14 (-11.94562; 0; 0) 
D15 (-11.22521096; 4.08564266; 0) 
D16 (-9.15087582;  7.67849653; 0) 
D17 (-5.97281000; 10.34521038; 0) 
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Fig 15. Fuel configuration on the Kartini Reactor 
core on ring E. 
 
Ring E radius = 6.266 inch = 15.91564 cm 
 
X1 = 15.91564 cos 15 = 15.37332772 
X2 = 15.91564 cos 30 = 13.78334856 
X3 = 15.91564 cos 45 = 11.25405697 
Y1 = 15.91564 sin 15 = 4.11927075 
Y2 = 15.91564 sin 30 = 7.95782000 
Y3 = 15.91564 sin 45 = 11.25405697 
 
Coordinate: 
E1 (0; 15.91564; 0) 🡪 Control Rod 
E2 (4.11927075; 15.37332772; 0) 
E3 (7.95782000; 13.78334856; 0) 
E4 (11.25405697; 11.25405697; 0) 
E5 (13.78334856; 7.95782000; 0) 
E6 (15.37332772; 4.11927075; 0) 
E7 (15.91564; 0; 0) 
E8 (15.37332772; -4.11927075; 0) 
E9 (13.78334856; -7.95782000; 0) 
E10 (11.25405697; -11.25405697; 0) 
E11 (7.95782000; -13.78334856; 0) 
E12 (4.11927075; -15.37332772; 0) 
E13 (0; -15.91564; 0) 
E14 (-4.11927075; -15.37332772; 0) 
E15 (-7.95782000; -13.78334856; 0) 
E16 (-11.25405697; -11.25405697; 0) 
E17 (-13.78334856; -7.95782000; 0) 
E18 (-15.37332772; -4.11927075; 0) 
E19 (-15.91564; 0; 0) 
E20 (-15.37332772; 4.11927075; 0) 
E21 (-13.78334856; 7.95782000; 0) 
E22 (-11.25405697; 11.25405697; 0) 
E23 (-7.95782000; 13.78334856; 0) 




Fig 16. Fuel configuration in the Kartini Reactor 
core on ring F. 
Ring F radius = 7.830 inch = 19.8882 cm 
 
X1 = 19.8882 cos 12 = 19.45359511 
X2 = 19.8882 cos 24 = 18.16877477 
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X3 = 19.8882 cos 36 = 16.08989179 
X4 = 19.8882 cos 48 = 13.30780333 
X5 = 19.8882 cos 60 = 9.94410000 
X6 = 19.8882 cos 72 = 6.14579179 
X7 = 19.8882 cos 84 = 2.07888298 
 
Y1 = 19.8882 sin 12 = 4.13498929 
Y2 = 19.8882 sin 24 = 8.08925970 
Y3 = 19.8882 sin 36 = 11.68999065 
Y4 = 19.8882 sin 48 = 14.77981292 
Y5 = 19.8882 sin 60 = 17.22368644 
Y6 = 19.8882 sin 72 = 18.91480221 
Y7 = 19.8882 sin 84 = 19.77925036 
 
Coordinate: 
F1 (2.07888298; 19.77925036; 0) 
F2 (6.14579179; 18.91480221; 0) 
F3 (9.94410000; 17.22368644; 0) 
F4 (13.30780333; 14.77981292; 0) 
F5 (16.08989179; 11.68999065; 0) 
F6 (18.16877477; 8.08925970; 0) 
F7 (19.45359511; 4.13498929; 0) 
F8 (19.8882; 0; 0) 
F9 (19.45359511; -4.13498929; 0) 
F10 (18.16877477; -8.08925970; 0) 
F11 (16.08989179; -11.68999065; 0) 
F12 (13.30780333; -14.77981292; 0) 
F13 (9.94410000; -17.22368644; 0) 
F14 (6.14579179; -18.91480221; 0) 
F15 (2.07888298; -19.77925036; 0) 
F16 (-2.07888298; -19.77925036; 0) 
F17 (-6.14579179; -18.91480221; 0) 
F18 (-9.94410000; -17.22368644; 0) 
F19 (-13.30780333; -14.77981292; 0) 
F20 (-16.08989179;-11.68999065; 0) 
F21 (-18.16877477; -8.08925970; 0) 
F22 (-19.45359511; -4.13498929; 0) 
F23 (-19.8882; 0; 0) 
F24 (-19.45359511; 4.13498929; 0) 
F25 (-18.16877477; 8.08925970; 0) 
F26 (-16.08989179; 11.68999065; 0) 
F27 (-13.30780333; 14.77981292; 0) 
F28 (-9.94410000; 17.22368644; 0) 
F29 (-6.14579179; 18.91480221; 0) 
F30 (-2.07888298; 19.77925036; 0) 
